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Abstract Parkinson’s disease (PD) is a common neu-

rodegenerative disorder affecting millions of people

worldwide, but its cause and pathogenesis are still not fully

understood. Earlier studies have shown that SNCA, which

encodes a-synuclein, is one of the key genes associated

with PD. Single-nucleotide polymorphism (SNP) variants

of SNCA are thought to be correlated with disease onset.

The underlying mechanisms however are enigmatic. A

recent study published in Nature revealed that one of the

SNP variants in the SNCA non-coding element elevated a-

synuclein expression in human neurons by reducing the

binding efficiency of transcription factors, demonstrating a

previously uncharted role for SNPs in the pathogenesis of

PD.
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Parkinson’s disease (PD) is a common degenerative dis-

order of the central nervous system, affecting millions of

people in the aging global population. Most cases of PD are

sporadic, possibly caused by complex interactions between

common genetic and environmental risk factors [1], thus

making it difficult to elucidate the exact pathogenic

mechanisms.

In the last several decades, however, many efforts have

been made to decode the pathogenesis of PD. Some

researchers have used genome-wide association studies

(GWASs), a method to search for genetic variants in large

cohorts of patients, to identify risk genes and mutations

associated with PD [2, 3]. GWASs typically focus on

single-nucleotide polymorphisms (SNPs) [2] and have

identified a host of PD susceptibility SNPs that are sig-

nificantly more frequent in populations with the disease.

However, GWASs alone cannot tell us about causal rela-

tionships between specific risk variants and the associated

diseases. Thus, the exact mechanisms underlying the

genetic variants and the risk of their associated diseases

remain enigmatic [2].

A recent study has shed a new light on the association

between SNCA variants and the pathogenesis of PD.

Soldner et al. [4] used clustered regularly-interspaced short

palindromic repeats (CRISPR)/Cas9 (CRISPR-associated

protein 9), a powerful gene-editing technique, to analyze

variants in the SNCA gene which encodes a-synuclein.

They found that a common variant in a non-coding distal

enhancer element increases the expression of SNCA by

affecting the sequence-dependent binding of transcription

factors (TFs).

According to published GWAS data, SNCA is one of the

strongest risk loci in sporadic PD patients [3]. Interestingly,

none of the sporadic PD-associated SNPs alters the protein-

coding sequence of a-synuclein [5]. Therefore, it has been

hypothesized that these variants may elevate the gene

expression levels [6], thus leading to abnormal protein

aggregation and Lewy body formation, which are classic

pathological features of PD. However, validating this

hypothesis remains a challenge, since the variants are dif-

ficult to manipulate with standard experimental techniques

and the impact of one variant might be undetectable in a

short time-frame using routine research approaches.

In an attempt to test the hypothesis, Soldner and col-

leagues focused on candidate risk-associated SNP variants
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in enhancers of the SNCA gene, based on the assumption that

an enhancer would influence gene expression and specific

SNP alterations would change the gene expression levels by

influencing the activity of cis-acting elements [7]. By using

CRISPR/Cas9, the suspect enhancer region that contains

two risk-associated SNPs, rs356168 and rs3756054, was

deleted in human embryonic stem cells. Then one of the two

enhancer-deleted alleles was inserted with one possible

variant of the two risk-associated SNPs, thus generating four

heterozygous cells, with the homozygous enhancer-deleted

cell as control. Subsequently, the cells were induced to

differentiate into either neural precursors or neurons.

Next, the investigators used TaqMan SNP genotyping

assays to quantify the relative levels of the distinct SNCA

mRNA transcripts in the genetically re-engineered cells.

Allele-specific quantitative reverse transcription poly-

merase chain reaction (qRT–PCR) analysis revealed a

significant increase in the SNCA expression levels in neural

precursors and neurons carrying the G allele at rs356168

compared with cells carrying the A allele at the same SNP

site and the homozygous enhancer-deleted cells. These

results suggested that the common SNP at rs356168 could

regulate the transcription of SNCA in human neural pre-

cursors and neurons.

It has been proposed that different sequence variants

lead to differential TF binding, which can alter the

enhancer activity, resulting in differential gene expression

[8]. The authors identified two brain-specific TFs, NKX6-1

and EMX2, which function as transcription suppressors

[9–11]. These two TFs showed preferential binding to the

A allele at rs356168 rather than the G allele. Consequently,

enhancer activity was less repressed with the G allele at

rs356168, which then led to higher SNCA expression.

In summary, the authors found that a common risk-

associated sequence variant can modulate the expression of

the a-synuclein gene through altering the binding effi-

ciency of the TFs to the enhancer. This is the first time that

the influences of genetic variants on PD risk have been

elucidated at the molecular level using CRISPR/Cas9

technology based on GWAS data, thus providing strong

evidence that non-coding genetic variants may elevate gene

expression levels.

The authors elegantly and carefully described a new

strategy to analyze the influence of a specific variant on

the expression of a disease-causing gene. Using CRISPR/

Cas9-mediated genome editing, they were able to pre-

cisely delete and insert targeted sequences. This strategy

allows researchers to analyze the functions of two or

more closely-located SNP variants by modifying them

individually. Since GWASs have identified many impor-

tant risk-associated variants for PD, and their impact on

disease onset and progression remains largely unknown,

this strategy can be used to study other risk loci associ-

ated with sporadic PD as well as other diseases such as

Alzheimer’s disease, multiple sclerosis, diabetes, and

cancers.

Induced pluripotent stem cells (iPSCs) can be gener-

ated from patients carrying disease-associated risk vari-

ants and can be differentiated into disease-relevant cell

types for further study. This appears to be an effective

strategy for investigating the mechanisms underlying

disease-specific phenotypes. Nevertheless, individual iPSC

lines often display significantly diverse biological prop-

erties, making the differentiation process unpre-

dictable [12]. Therefore, such iPSCs are of limited value

as in vitro models of genetic diseases. Remarkably, in the

study by Soldner et al., the authors edited the genetic

variants precisely via CRISPR/Cas9, and as a result,

generated heterozygous cells. Using the other allele in the

same cell as an optimal control, the effect of inherent

system variability was eliminated. Moreover, in combi-

nation with TaqMan qRT–PCR analysis, the allele-

specific expression levels can be quantified in a single

multiplex reaction, thus allowing the small effect of a

specific variant to be detectable.

It is worth pointing out that this study also has some

limitations. For example, although transcriptional regula-

tion was indicated in the study, other possible regulatory

mechanisms of the disease-associated variants have not

been ruled out. A previous study showed that the 30-un-

translated region promoted the accumulation and transla-

tion of a-synuclein transcripts [13], indicating the

complexity of mechanisms regulating a-synuclein expres-

sion. It would be interesting to determine the relationship

between the enhancer PD-associated SNPs and the 30-un-

translated region of a-synuclein. Another question is

whether the in vitro data presented in this study truly reflect

the situation in vivo. To address this question, one may

consider using recently-developed techniques that enable

direct observation in brain slices, and even in animal

brains. For example, high-resolution in vivo imaging

techniques make it possible to see the dynamics of a single

molecule in a living cell. Among these sophisticated

techniques, lattice light-sheet microscopy allows non-

invasive 3D imaging of fast intracellular dynamic pro-

cesses in living specimens with low photobleaching and

phototoxicity [14]. The expression and localization of

GFP-tagged proteins such as a-synuclein can be visualized

and tracked. It is anticipated that the application of neu-

roimaging techniques will help to determine the functional

relationships between genetic variants and targeted pro-

teins in vivo. The data generated from these studies will

ultimately provide new insights into exactly how increased

a-synuclein expression leads to PD.
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